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PREFACE 

The subject matter of this book had its origin 
in a series of circular letters of instruction pre- 
pared by the author for his own trackmen. These 
were later revised and published as a series of arti- 
cles in the Railway and Engineering Review. The 
treatment of the subject is simple and practical, 
and at the same time theoretically correct. 
Engineers will find it interesting from this stand- 
point, the method of imparting such instruction in 
the best way being an important and ever-present 
problem. 
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CHAPTER I. 

CORRECTING ALIGNMENT ON CURVES. 

Railroad line is originally established with the en- 
gineers' transit instrument and the chain, and with 
these it is possible to run a line absolutely straight 
or with curvature of any degree. On roads where 
traffic is heavy, and a first-class track is imperative, 
it pays to use instruments for the purpose of defin- 
ing the line, but on many roads engineers are not 
employed solely for this purpose, and have not 
sufficient time along with their other duties to at- 
tend to track details fully. In many circumstances, 
these are left almost, if not entirely, to the track- 
men. In either case, and especially in the latter, 
some knowledge of the properties of curves is very 
useful. I believe any man can easily learn, if he 
does not already understand, the principles which 
are hereafter explained. 

Yon have somtimes, no doubt, noticed the dis- 
agreeable motion of a car running around a curve 
in which there are alternately sharp and flat places. 
This can be remedied by lining the curve with 
perfect uniformity, and by making uniform and 
proper elevation on the outer rails to agree with the 
curvature. You can imagine how much extra wear 
and tear a train suffers, on badly lined curves, by 
the swaying of the cars, twisting the frame and 
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wrenching the couplings, and so on. Besides this, 
It must, no doubt, cost more in engine power to 
poll a train over badly lined track. How much 
extra power is needed cannot be guessed, but with 
proper appliances can be measured. Yet it is not 
necessary to know, for we can safely assume that 
it is cheaper to move loads on good tracks than 
on bad, and this is one good reason, in addition to 
that of the difference in wear and tear, for keeping 
track in the best possible condition. 

Still another and perhaps the most important of 
all in an economic sense is the fact that the speed 
of trains may be greatly increased on good track, 
as compared with bad — thus enabling the transpor- 
tation of larger quantities of freight and more pas- 
sengers with the same number of engines and cars. 
By far the greatest consideration of all is that of 
safety, which is, of course, enhanced by all track 
Improvement. Therefore, inasmuch as an important 
part of the trackman's work is to reduce the friction 
and expense of moving traffic over the road, it is 
Important for him to know and apply the principles 
necessary to good work. 

Tn railroading, line Is either straight or curved. 
Technically, straight lino is called tangent, and for 
convenience and brevity we will use that name. 
Curves are commonly spoken of as flat and sharp, 
but for definite designation when it is necessary to 
know just how flat or sharp they are, we speak of 
them as being of a certain number of degrees. A 
one degree curve changes direction one degree each 
100 feet, and two degree curve twice as much, a 

rep degree curve three times as much, and so on. 
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The point where tangent ends and curve begins is 
called Beginning of Curve, or simply B.C, and end 
of curve E.C. The first 100 feet from B.C. on a one 
degree curve carries the line 10% inches to one 
side of the direction of the tangent, and the same 
rate of curvature in 200 feet, about four times, and 
300 feet about nine times. The distances between 
the prolongation of tangent and the line of curve 
are called tangent deflections. For a two degree 
curve any corresponding deflection is twice as much, 
and for a three degree curve three times as much 
as for a one degree curve, and so on. The simplest 
rule for finding the deflections up to a few hundred 
feet very closely is this: Extend the tangent be- 
yond the B.C. and mark the end of first 100 feet from 
B. C. 1, the end of the second 100 feet 2, the third 
3 and so on. Measure off the side on which the 
curve runs, at point 1, the deflection distance, equal 
to 10% inches multiplied by the degree of curve; 
for point 2, square 2 (that is, multiply it by itself), 
and the product 4, by the deflection at 1; for point 
3 use its square, 9, for the multiplier, etc. 

Table 1 and the sketch accompanying it will ex- 
plain this, and also give deflections for curves one 
degree to 8 degrees up to a certain limit, within 
which there is a very small error, but beyond that 
limit the rule would not answer. On account of its 
simplicity it is worth remembering, and can be 
used very often when the means of finding correct 
curve points are not at hand. 

It is important for the trackman also to carry 
a good line all the way around a curve. No matter 
how well a curve may have been originally lined, 



8 



LINE AND SURFACE. 



there are many ways for it to get out of line each 
year, and the longer it is left without re-lining with 
transit, the worse it is apt to become. There is, 
moreover, liable to be a settling of embankments, 
and on rough and sidelong ground this will carry 
the roadbed and track out of line so it can not be 
exactly lined to the original curve without throwing 
it too far from its bed, resulting in a defect which 
would be worse than that which we are trying to 
remedy. In such cases it is well to know how to 
smooth up as it were badly lined curves so there 
will not be any very sudden changes in direction, 
and with all due respect to instrumental work, I 
think it is not unreasonable to say that the section 
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crew can, by the intelligent use of the following 
rule, do as good a job of lining with a fine cord 
and a pocket full of nails as an engineer can with 
a transit. The cord should be a few feet longer 
than two rail lengths and the nails about 6 or 7 
inches long, wire, and about 15 or 20 should have 
small tag with letter A, the same number with 
letter B, and as many more blank ones will proba- 
bly be found convenient. 

Fig. 1 shows a method of correcting the line if a 
very badly lined curve. From point 1 to 3 it U 
sharper than it should be; from 3 to 5 flatter, and 
from 5 to 7 it is very much too sharp. For con- 
venience it will be better to use the rail joints if 
the rails are all of equal lengths. If they are not, 
points should be measured around the curve, say 
50 feet apart (in which case the cord must be 100 
feet long), and the rail marked with chalk or other- 
wise at these points, 1, 2, 3, 4, etc., placing 1 at the 
beginning of the curve usually called B.C. Sight 
along the gage line of rail, first from 1 to 3, and 
place in this line opposite 2, one of the nails marked 
A. Then sight 2 to 4 and place a nail opposite 3, 
also marked A, and so on around the curve, sighting 
between odd numbers for the setting points AAA 
opposite even numbers, and sighting lines between 
even numbers for setting points AAA opposite odd 
numbers. These points may be designated as 1A, 
2A, 3A, etc. In order, however, to find 1A, which 
is opposite the B.C, we need to draw a line back- 
wards from 2 and parallel with the tangent. We 
may do this by sighting from 2 and finding a point 
outside the line exactly opposite 2, which will range 
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with the rail along tangent, and measure the dis- 
tance from the point to 2. Then lay off this distance 
at 1 for 1A. Then from 1A sight to 3A and in this 
line opposite 3A place nail marked 2B and sight 
from 2A to 4A, and opposite 3A set another nail 
marked 3B, and so on around the curve. 

Next add together all the distances, IB, 2B, 3B, 
4B, etc., between gage line of rail and points B that 
will have been thus set, and divide by the number of 
the distances. The B points will lie in a curve which 
is very nearly true, and by measuring outwards 
from these B points the average as above found, 
we get the proper position for the rail, to which it 
should be thrown. When laying off the final points 
they should be marked by the blank nails; then 
the nails marked A and B should be removed and 
the new line tested in the same way that the rail 
was, and if the new ordinates 2 A, 3 A, etc., are found 
to be very nearly equal it may be as well to line 
the track to the new curve. However, it is possi- 
ble if there is still considerable inequality in the 
ordinates, to reduce that inequality by repeating 
the operation, using the line marked by the blank 
nails as a starting line just as you at first used 
the rail. It sometimes is the case that the roadbed 
is not in good line and consequently it will not be 
possible to exactly line the track, and even one line 
of ordinates, viz.: those designated by A will give 
a line as good as can be used, and that although 
the B line will be nearer a true circle, it may move 
the track too much to one side of the solid road- 
bed. 
The fijrure shows how a very irregular curve is 
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12 LINE AND SURFACE. 

improved by only two lines of chords and ordinates. 
The dotted line is a true circle which very nearly, 
but not quite, strikes the points found. These points 
are the centers of the little circles. It is probable 
that one or two more lines would have brought it 
so near that the difference would have been almost 
imperceptible. It is not possible to draw a perfect 
circle in this way, but the oftener you correct 
what you have, the nearer the resulting curve is to 
perfection, and as you always have in starting, a 
curve which is pretty near, you will soon get ons 
that is very nearly perfect and on which no defects 
in riding quality can be found. 

You will see in Fig. 1 that a true circle extends 
from between 1 and 2 to 5, but that a circle of 
shorter, radius (the line drawn to center) is re- 
quired from 5 to 6, and of one of still shorter radius 
from 6 to some distance beyond 7. In the original 
curve there is considerable bulge opposite those 
points, and it would require a repetition of the pro- 
cess to draw that bulge in to a true circle. But 
sometimes curves are made originally of varying 
rates of curvature in different portions, and to 
change such to uniform curvature would be wrong. 
Curves having one portion of different radius from 
another portion are called compound curves, and 
are frequently used in rough side-hill country. It is 
scarcely possible for a trackman, or others to find 
the exact points where the curvature changes unless 
the original point is marked by witness stakes. 
The use of the above rule will show nearly where 
such points are, and it will improve or make the 
change from flat to sharp curvature a gradual in- 
stead of an abrupt one. The point of change or 
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compounding can be detected by the changing 
length of ordinates, and when located the portions 
of the curve on either side should be treated inde- 
pendently of each other. 

The above statement of the rule uses the gage 
line of the outer rail of curve to work by. It may 
be better to drive the blank nails along the center 
of the track as it is, finding them by the center 
mark on the track gage, and correct the line in the 
same way as above described. This will avoid 
working close to the rail, which might obstruct the 
setting of the points if the rail instead of the center 
of the track were used. 



CHAPTER II. 

METHOD OF MIDDLE ORDINATES. 

Chapter I described a method for ascertaining 
if a curve is out of line and for correcting bad 
line in curves. In this chapter we shall consider 
another method of doing the same thing, and it 
may be a better way on quite short curves. Any 
distance along a curve may be taken, but, for 
convenience sake, the reason for which will be 
seen as we go along, it is better to take a dis- 
tance which can be divided into eight equal parts. 

Referring to * the figure with Table 2, lay out 
chord AB and find D at its middle point, just op- 
posite C, the middle of the arc. CD is the middle 
ordinate of arc AB. Again find chords and mid- 
dle ordinates of halfarcs AC-CB, and of quarter 
arcs AE-EC-CF and FB. The middle ordinate of 
the half arc is one quarter that of the whole arc, 
and the middle ordinate of the quarter arc is one 
quarter that of the half arc, or one sixteenth that 
of the whole arc. Therefore, in order to make the 
curve AB uniform, measure off the proper ordi- 
nate lengths from the chords, using a quarter of 
CD at E and F for ordinates of half arcs, and 
a sixteenth of CD as ordinates of the quarter arcs. 
Remember that one end of the ordinate is on the 
middle of the chord or straight line drawn from 
end to end of arc; and the other end must be a. 
point in the curve. In Table 2 chord length is in 
feet, and length of ordinates are given in inches. 

14 



METHOD OF MIDDLE ORDINATES. 



15 



Table 2. 
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This method will be found convenient for por- 
tions of a curve of 8 rail lengths in any curve 
up to 6 degrees, which will not bring the point 
D off the roadbed. For sharper curves it will be 
better to use some shorter arc; for instance, one 
composed of 8 times 25 ft., the ordinate of which 
will be about two-thirds that of the chord with 
eight thirties; or an arc of 8 times 20 ft, the 
ordinate of which will be less than half the same. 
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It, however, has this limitation, namely, that 
you cannot be sure, when you need to repeat 
the lining of successive portions of a curve 
such as is represented in the arc AB, Table 2, 
that you may apply the point A to the point B; 
that is, begin one arc where you left off the other, 
and that the curve will be uniform throughout the 
length of the two arcs. Should your curve be not 
a compound but a simple one, that is, one which 
has an equal length of radius, or equal degree of 
curvature throughout, it is very unlikely that any 
error at the point where the two arcs join each 
other will amount to anything serious, but should 
it be perceptible, it can be lined by eye without 
trouble. But you can test the line if there is any 
doubt, after you have run in two arcs in this way. 
Join the middle points of the two. This gives an 
arc the same in every way as AB. Figure 2 ex- 
plains this, the arcs AB and BC each being equal 
in every way to the arc AB in Table 2, but not 
showing the half and quarter arcs, as they arc not 
in this case necessary. A new arc EF is composed 
of one-half of each of the two arcs laid down and 
one end of its middle ordinate will be the point 
where the two join each other. If the middle 
ordinate is equal in length to the middle ordinate of 
either of the others, then the curvature is uniform 
for the length of the two arcs. 

If, however, we find the ordinate F of different 
length from E, it indicates that curve is either out 
of line or is "compound." By referring to Figure 
3 we see two arcs of a compound curve, joined at 
the point of compounding. Both these arcs can be 



METHOD OF MIDDLE ORDINATES. 



17 



lined separately by the rule with Table 2, but the 
middle ordinate must be of different length, and if 
we find that the middle ordinate D, Figure 3, of the 
arc made by taking a half each of AB and BC, is 
an average of E and F, it is proof that the curve 
throughout the two arcs is properly lined. 

Figure 4 shows the two arcs each in perfect line, 
independently of the other, but not properly joined 
at B where the ordinate D is less than F or E. 
Figure 5 shows a case where D is greater than 
F or E. When D is of the proper length, as before 
described, the two arcs are said to be joined 
tangentially. 
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CHAPTER III. 

TRANSITION CURVES. 

In pas&ing from a tangent to a curve it is im- 
portant ta make the change gradually. This is 
done by the introduction of the process often called 
tapering off the curve. This has also by dif- 
ferent persons been given the name of ease- 
ment, spiral or transition curve. The latter name 
I think the bebc, and will use it hereafter. 

The need for a transition curve lies in the fact 
that on all curves where trains are run at speed, 
it is necessary to raise the outer rail in order to 
give an inward inclination to the cars and prevent 
them from tipping outward dangerously or uncom- 
fortably by the reason of the centrifugal force 
due to curve motion. Of course, this eleva- 
tion of the outer rail must be made gradually* 
so that its tendency to raise one side of the car 
shall be only so fast as to be readily absorbed by 
the springs. The idea is to avoid the sudden and 
disagreeable sidewise motion which is noticeable 
where no transition is used. 

Most of us remember the old rule used years ago 
which said you should give an inch elevation per 
degree of curve at the B.C. and E.C. and run this 
elevation off on the tangents at the rate of one Inch 
in 50 feet. For instance, the elevation for the 
outer rail of a 1 degree curve should begin 60 
feet before you get to the B. C. and gradually 
^crease until you get the full inch just at the 
18 
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B.C.; this rate to be maintained around the curve 
to the E.C. and then taper off to level in 50 ft. 
To work out this plan on a 3 degree or 4 degree 
curve causes the cars to tip badly just before com- 
ing to the curve. Usually three or four bad vibra- 
tions occur before settling down to smooth mo- 
tion. 

Several years ago it was thought, and by many 
strongly argued, that transition was entirely un- 
necessary, and perhaps with speed of 25 miles per 
hour it was. It might also be left out of the ques- 
tion with very easy curves, say one of 1 degree or 
2 degrees. The usual practice of engineers then 
was to run uniform curvature from B. C. to E.C. 
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In many cases intelligent trackmen improved on 
this by tapering off the points of curves. Some- 
times this practice was criticised by engineers, but 
not generally. It was admitted to be an improve- 
ment, but one which could be introduced without 
the engineer's help, and, in fact, there were no 
rules made for transition curves until recent years. 
There are two reasons for the growth of the idea 
and use of the transition curve. One, the exten- 
sions of railroads into country requiring sharp 
curvature, and the consequent use of sharp curva- 
ture generally; the other, the improvement of 
track and locomotives making high speed pos- 
sible. 

But while possible for the trackmen to line to 
a transition which improved the riding quality of 
road, it was even more difficult than to properly 
line an ordinary curve, and engineers, seeing the 
very general need which came along with fast 
speeds, heavy engines and cars, devised transi- 
tions to suit the purpose, and which could be laid 
off with instruments. There are many kinds, but 
they differ very slightly in detail, and are all alike 
in principle and operation. It is very easy to 
imagine that what is wanted is a curve which shall 
begin very gently and increase gradually until the 
same curvature is attained as that of the main 
curve, and for the elevation of track to begin just 
about where the transition does and increase pro- 
portionately so that there is always a perfect bal- 
ance between the centrifugal force which on a 
curve makes the car lean outward, and the force 
due to elevation of outer rail which prevents It 



TRANSITION CURVES. 21 

T& ~#k 




os* oar 



from doing so. Therefore, as the elevation must 
come in gradually from a level, the' curvature 
should also be worked in gradually, and this is why 
the transition curve is necessary and has been de- 
vised. 

Usually in new construction the whole curve is 
shifted inwards from the located line and the tran- 
sition is fitted at each end. This permits the best 
and most rational arrangement. But on a* line 
already built, it is not possible to throw the track 
off the roadbed so far as that method would re- 
quire, but it is usual to apply such transition at 
the end of curve as can readily be done without 
throwing the track more than a foot or so. This 
must begin at some point on the tangent and end 
somewhere on the curve, and would probably 
never be much more than 250 ft. long, although 
the length may be such as circumstances require. 

To get a rule for a curve which can be very 
readily put in by trackmen on the ground, I have 
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devised that shown in Figure 6. I do not claim 
that it is so good a curve as could be run by tran- 
sit, but it gives one which is correct in principle 
and varies only slightly in detail from the best 
possible. In Figure 6 lay off from the B.C. along 
the curve three chords of equal length. The end of 
the third chord is point 0. Continue marking off 
along the curve chords of same length as before, 
marking their ends 01, 02, 03. The last is E.T.C. 
Going back to 0, mark the chords before measured 
1, 2, 3, along the curve and at equal distances 
4, 5, 6, along the tangent. Six is B. T. C. 

Draw a straight line to 2, and mark the point 
on this line opposite 1, IT. Draw line IT to 3, 
and on it, opposite 2, mark 2T. Draw 2T to 4, and 
opposite 3, mark 3T. Draw line 3T to 5, and op- 
posite 4, mark 4T. Opposite 5, lay off 5T at a dis- 
tance from 5 equal one-fourth that from 4 to 4T. 
Next lay off the distance from to 0T equal to 
nine-sixteenths that from 1 to IT— 01 to 01T equals 
to four-sixteenths, and 02 to 02T equal to one- 
sixteenth the same. The curved line passing from 
B.T.C. through 5T, 4T, 3T, 2T, IT, 0T, 01T, 02T, 
and E.T.C, is the transition curve. The lengths of 
the chords may be such as will give satisfactory 
results, but in curves 6 degrees and less this length 
should not be less than 50 ft. unless the position of 
2T is too far from the center of the roadbed. This 
is the greatest ordinate and therefore the length 
of chord may be" determined very early in the pro- 
cess. 



CHAPTER IV. 

BUNNING OFF ELEVATION. 

This chapter will deal with relations uetween 
transition curves and the change from the level 
track required on tangents to the elevated outer 
rail required on curves. It is seen from what is 
said in the preceding chapter that the getting of 
the proper elevation is as much a. part of the 
transition as the lining of the curve itself, and 
this chapter will aim to demonstrate this. In 
doing so it seems necessary to show how this 
conclusion has been arrived at in actual practice 
by discovering the defects in the methods which, 
though useful under different circumstances, are 
not adaptable to the high speeds now used. 

We shall first discuss the method once very 
commonly used of placing full elevation at the 
B. C. and gradually tapering it off along the tan- 
gent at the rate of 1 in. to 50 ft. 

Figure 7 represents the two rails of a track 
as seen with the eye on the same level as the 
track, the outer rail of the curve being shown 
by the dotted line and the inner by the full line. 
The inclined portion A B of the dotted line shows 
the making or developing of the elevation along 
the tangent at the rate of 1 in. to 50 ft. It should 
be remembered, however, that the forces acting 
on the cars or engines to move them in any direc- 
tion are concentrated at one point in each. This 
point is the center of gravity. In an engine this 
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is about 7 ft. above the rails, and in loaded cars, 
except where the loads are of very heavy sub- 
stance, probably about 6 ft. Therefore the eleva- 
tion of one rail will move the path of the center 
of gravity to one side of the center by tipping 
the cars; and where the night is 7 ft. the dis- 
tance to one side will be about one and one-half 
times the elevation of the rail. 

Figure 8 shows a track, a small portion of tan- 
gent and the adjoining curve, as seen from above, 
or as a plan view. It includes the portion in 
which the change from the tangent motion to the 
curve motion takes place, but without any transi- 
tion curve applied, and with elevation made in 
the same way as Fig. 7. The outer rail is ele- 
vated, and the path of the center of gravity of 
the train is shown by a dotted line which is par- 
allel to the curve, but at a distance about equal 
to one and one-half times the elevation to one 
side of the center line. This line, starting from 
the B. C, where it makes an abrupt angle with 
its direction on the curve, runs direct to the cen- 
ter of the track at the point where the eleva- 
tion runs out, as shown by B. A., and there reaches 
the center line, where it makes another angle and 
thence follows the center of the track. 

Now, suppose a train to be approaching the 
curve from the tangent; so long as both rails are 
on the same level, the center of gravity will be 
directly over the center of the track and in plan 
view it will be shown by the same line; but when 

le elevation of one rail begins the path of the 

nter of gravity departs at A from the center 
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of the track, and its departure increases to the 
point where full elevation is attained; in this case 
at B. C, where it begins to follow a line parallel 
with the center line, but at one side, as shown 
above. 

The law of inertia which tends to resist the 
movement of a body and also to resist its com- 
ing to rest when in motion applies to this case, 
so that the center of gravity of the train in mo- 
tion on a straight line tries to continue on that 
line, and when a car arrives at A, instead of di- 
verging immediately at the angle required by this 
method, still keeps on the tangent, owing to the 
elasticity of the springs until an amount of ele- 
vation has been reached sufficient to overcome its 
inertia, and to force the actual path of the center 
of gravity which we are now considering, to ap- 
proach the line of its supposed path, namely, the 
dotted line A B. The car springs, which mean- 
time have become more heavily loaded on the 
higher side of the car, in recovering also help to 
throw the car in that direction until the springs 
on the lower side resist and temporarily check fur- 
ther motion in this direction. This is illustrated by 
the first wave in the wavy line beginning at A and 
running towards the curve. This wave is shown 
as ending at C, where, because the two forces 
are nearly balanced, there is very little lateral 
motion, but increasing inclination of the car again 
disturbs the temporary balancing and gives a sec- 
ond impulse towards the low side, resulting in 
the second wave which reaches its hight at D. 
Here the curve begins, and the centrifugal forces, 
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aided by the compressed springs on the low side, 
result in a sudden righting movement to the car. 
This by its inertia goes to E, a little beyond the 
true position (the dotted line), but as there are 
now two pretty nearly balanced forces the waves 
of lateral motion grow smaller and soon entirely 
cease, the waves F and G showing this gradual 
reduction. These latter waves coming after the 
car has reached the curve where elevation and 
centrifugal forces are balanced, are due to alter- 
nate action of the car springs. 



CHAPTER V. 

COMPROMISE RUN-OFF FOR CURVE ELEVATION. 

In Chapter 4 we found why one method for 
graduating the elevation of the outer rail at the 
ends of curves is not a complete success. In this 
chapter we shall consider another method which 
has been used without transition curves. In this 
method the graduation of elevation takes place 
partly on the tangent and partly on the curve. 
Some make the rule to have two-thirds the amount 
of elevation at the B. C, graduating or running 
out at one inch to fifty feet on the tangent, and 
gaining the rest of the elevation at the same rate 
on Mie curve. The rate which I have adopted 
where the transition curve is not possible is to 
give one- ha If at the B. C, graduating on the tan- 
gent to nothing and increasing it on the curve 
until the full elevation is made, usually at the 
rate of one inch to fifty feet. 

Figures 10, 11 and 12 illustrate the relation be- 
tween the center line of the track and the path 
followed by the center of gravity of the cars in 
this method. It is plain that no such lurching 
motion is possible in the cars at any speed with 
this plan as there is with that described in Chap- 
ter 4, Figs. 7, 8 and 9. At the beginning of the 
curve half the amount of elevation is attained 
and the car has a slight tipping motion imparted 
to it which, by its inertia, would increase its in- 
clination even without further elevation in the 



COMPROMISE RUN-OFF FOR ELEVATION. 29 






&m 



■ I ■ 72»7( 

















/A* ih Fif.fl. A 



# 



Comoonhf P S*tohaA*. 



3 



•I 




=1 



£j£J& 



30 LINE AND SURFACE. 

track to help it, but at this point the curve coun- 
teracts* the tendency to further inclination of the 
car and the two, balancing each other, allow the 
car to run with an even pressure on the springs 
and without any greater or ,less inclination than 
the track gives it. It is true that at the 0. C. 
the elevation is not sufficient for the curvature, but 
we must remember two important facts which ma- 
terially affect the necessary degree of elevation 
at this point. 

One of these is that the car does not feel the 
full influence of the centrifugal force due to run- 
ning on the curve while the rear truck is still on 
the tangent; and until both trucks are on the curve 
it does not need full elevation. When the rear 
truck has reached the B. C. the forward truck in 
the case of a passenger car will have reached a 
point where the elevation is about or nearly an 
inch greater, so that in reality the center of gravity 
of the car when the rear truck is at the B. C. 
and is just receiving the full effect of centrifugal 
force is at a point where the elevation is about 
half an inch more than at the B. C, and conse- 
quently aids to compensate for the deficiency in 
elevation at the B. C. 

The other fact is that when a car in motion be- 
gins to run on the graduation of elevation in one 
rail there is a sudden raising of one side, and the 
impetus thus given to it is sustained even when 
the force is withdrawn. The force in this case 
is not the elevation itself, but the increasing of 
elevation which tends to tip the car more as it 
proceeds towards the point where elevation is full. 
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In other words, while the car is running up along 
the graduated rail towards the full elevation there 
is a greater force tending to throw it against the 
low rail than when running on track where one 
rail is constantly higher than the other by an un- 
varying amount. Therefore, this force inclining 
the car toward the low rail should be taken into 
account in running elevation into and out of curves 
and is very well provided for in the method here 
recommended; viz., half elevation at B. C, the rest 
gained at the usual • rate after striking the curve. 
Referring to Figures 10, 11, 12 and 13, you will 
find illustrations of the above principles. 

Figure 11 shows in the dotted line the supposed 
path of the center of gravity of the cars, or the 
path it would make if there were no springs in 
them, and also by a full line, the center of the 
track Itself. You will see that there is not any 
abrupt change in directions at A, B, and C, as there 
are in Figure 8 at A and B. Figure 12 shows the 
corresponding lines of Figure 8, and Figure 11, side 
by side for convenient comparison. Inasmuch as 
the changes of direction of the moving load are 
made more gradually there is a corresponding Im- 
provement in the riding of the cars. 

Figure 13 shows also the supposed path of the 
center of gravity of the cars and the actual path 
of the same, due to their springs permitting a dif- 
ferent motion in the body of the car from that 
in the truck. At first there is a tendency for the 
center of gravity not to be affected by the change 
In direction at A required by the beginning of 
elevation. When, however, the elevation increases 
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to such an extent as to be noticeable, which will 
probably be near the time the forward truck has 
reached the B. C, an inward tipping motion be- 
gins, but at about the same time the curving mo- 
tion begins also, and the centrifugal force is gradu- 
ally applied and counteracts the inward inclination 
due to increasing elevation and compressed springs 
on the high-rail side. The car is now in a posi- 
tion where, tending in one direction, the centrifugal 
force, and therefore the tendency of car tc tip 
outwards, is on the increase. On the other hand, 
the elevation is increasing and along with It the 
spring pressure over the outer rail, which, with the 
momentum of inward tipping motion due to increas- 
ing elevation of the outer rail, tends to balance the 
centrifugal force and maintain a smooth motion in 
the cars. The improvement over the method of 
Chapter 4 is due to bringing the opposing forces 
into play at the same instant rather Oan one fol- 
lowing the other, which results, as shown in Chap- 
ter 4, in excessive alternate swaying motion. 

It would take time to make a scientific demon- 
stration of the above, but- I think the principle 
is quite simple and will easily be understood. The 
exact proportion of the full elevation which should 
be given at the B. C. may be subject to local con- 
ditions and is rather difficult to exactly determine, 
but we can be sure that the rule of one-half is 
a great improvement over the practice of full ele- 
vation at the B. C. Careful observation after its 
application may determine in some cases the ad- 
visability of slight change of the proportion of ele- 
vation at the B. C, but it is likely that no great 
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change will ever be found necessary. It will also 
be noticed that the actual path of the center of 
gravity of the cars will come pretty near to a 
transition curve, and it is this we want rather than 
to make the wheels follow the same. It is seen 
that this path here is determined partly by the 
springs, while it would be better not to use them 
for that purpose unless unavoidable. 

We must remember that we are not to consider 
this method for use where a regular transition 
can be applied, but in places where none was al- 
lowed for in the construction of the road, and 
where it could not now be applied without great 
cost. 

This method should be considered as an im- 
provement over that discussed in Chapter 4 or 
as a stage in the development of the ideal run-off. 



CHAPTER VI. 

CURVED GRADUATION OF ELEVATION. 

The subject of this chapter is similar to that of 
Chapter V. The method of graduation or increase 
of elevation is a modification of the one there 
described. 

By referring to Fig. 14, you will see that it 
resembles Fig. 10, in that half the amount of 
elevation is made at the B. C, but instead of be- 
ginning it at A and having it reach full elevation 
at B, we have rounded off the abrupt angles at 
A and B so as to avoid even small changes in 
direction, such as is shown by Fig. 11, Chapter 5. 

A result approaching this was effected by the 
method of Chapter 5, but even though an im- 
provement over the one of Chapter 4, it is not 
quite free from decided, though small, changes 
of direction. In moving bodies there cannot be 
any immediate or sudden change of direction from 
one course to another without producing a stress 
within the body, but when the change of direction 
is made gradually or through an easy curve, the 
stress is distributed both in time and distance 
and is not noticeable. It was shown in Chapter 
4, Fig. 9, that the change of direction due to ele- 
vation in track at A did not immediately produce 
a change in the direction of the car, but that the 
springs over the elevated rail were compressed 
until by the combined force of the springs and 
inclined position of the rails, the inertia of the car, 
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36 LINE AND SURFACE. 

which at first tended to continued motion in direc- 
tion of the tangent, was overcome and the car was 
thrown towards and finally beyond the correct 
position, its motion on account of action of springs 
being along a curved line. Without the aid of the 
springs the stresses on cars from the sudden 
changes of direction as above described, would 
soon cause their destruction. 

Here we have the choice of curving the path of 
center of gravity by placing the duty on the springs 
or on the track. The latter is cheaper and better. 
I think it is quite plain that Chapter 5. Figs. 10 to 
13, show that much less spring work is done in 
passing through the graduation of elevation than 
had been done by the method of Chapter 4. and 
this simply by an arrangement that provides for 
a less abrupt oh an ere in direction of the path of 
rpnter of eravitv of the cars. and. therefore, with 
less te^dencv for the car to be impelled in some 
other direction bv its inertia, than to follow the 
path determined by the rail, as shown by Fig. 9. 
Chapter 4. • 

Therefore the rounding off of beerlnnine; and end 
of graduation, as shown in Fier. 14. will be fol- 
lowed by beneficial results, in that it causes the 
center of gravity of cars to follow a curved path 
without the heln of the spriners. Bv examining 
Fie:. 15, you will see at A and B. the ancles of 
chancre in direction when these curves are not 
used and also the curve CD made to round off 
the ansrle A. and the curve FF m*»de to round 
off the ansrle B. If you will refer to Fier. 1.?. Chan- 
ter 5, you will see that the curve of the path 
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of the car's center of gravity begins at B, and is 
produced by the springs, and although answering 
the purpose fairly well for trains of moderate 
speed, and a great improvement on older methods, 
is not so good as that here described. 

Referring again to Fig. 15, you will see that in- 
stead of the change in direction beginning at 
A, the introduction of the curve causes it to be- 
gin considerably earlier, but with a very gradual 
change, so that the full rate of graduation is not 
made until we pass A, and come to D, the end of 
the curve used for the rounding of angle A. The 
straight rate of graduation is then kept up until 
the point E, where the curve begins which is to 
round off the angle B, and gradually lessens it un- 
til it blends into the full elevation at F, without 
any perceptible shock. You will see that this 
method of making the graduation of elevation in- 
creases the distance and time, both of which are 
important factors in reducing stresses consequent 
on change of direction in heavy bodies. The in- 
crease in length of graduation shown in Figs. 14 
and 15, is about 50 per cent, and I have described 
it for the purpose of making it easier to under- 
stand a more complete method shown by Figs. 
16 and 17. In Figs. 14 and 15 the part of the 
straight graduation between D and E is unchanged 
and remains the same as laid out from A to B. 
In Figs. 16 and 17, we suppose a beginning and end 
of graduation at A and B, but we introduce curves 
which meet at the B. C, so that the curved grad- 
uation which we are using touches the straight 
graduation nowhere except at the B. C, where the 
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curve EF begins. We must know, of course, the 
full amount of elevation to be used and, therefore, 
the length of straight graduation AB. The length 
of curved graduation is double this, because the 
beginning of curved graduation is at C, and AC is 
equal to AD, and the encL is at F, and BF equals 
BE. D and E are at the same point, namely, 
the B. C, where one-half the elevation is used. 
The proportions of elevation to be given along the 
curved graduation at different points are as fol- 
lows: 

At the beginning C — None. 

At A — One-eighth (%) of the whole amount. 

At the — B.C. — One-half (%) of the whole amount 

At B — Seven-eighths (%) of the whole amount. 

At F — The whole amount. 



CHAPTER VII. 

CUBVED GRADUATION THROUGHOUT. 

In continuation of the remarks toward the end 
of Chapter 6 regarding the graduation of eleva- 
tion for the outer rail of the curve, we will again 
refer to the method which uses curved graduation 
throughout. The first half, an upward curve ris- 
, ing from the level rail, and the last half, a down- 
ward curve joining the fully elevated rail in a 
direction parallel to grade of the road. Where the 
upward and downward curvatures join each other, 
which in the method we have adopted is at the 
B. C, the rate of graduation is greater than at 
any other point, and is, in usual practice, 1 inch 
to 50 ft. 

Referring to Fig. 18, notice that the elevated 
rail is represented by the curved line CF and the 
regular rate, or straight graduation, by the dotted 
line AB. The line of figures to 8 under the 
diagram refer to the points where the ordinates of 
elevation are made or to the ordinates themselves. 
The length, or, as we may say, the height, of the 
ordinates depends on the degree of curve, and will 
be found in Table 3, allowing the amount pre- 
scribed by .our rules; namely — 15-16 inch per de- 
gree. There are exceptions to this, for in 1 deg. 
and 2 deg. curves the table gives 1 inch to the 
degree. The additional 16th or 8th of an inch in 
these cases would not be noticeable where the 
elevation is so small, even if it were possible to 
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work so close in surfacing. In 6 deg. curves the 
elevation used is a little less than the rule. In 
curves 7 d«g. to 10 deg. the amounts are equal, 
because when the elevation is so great as in these 
curvatures the amount of inclination in the cars 
is excessive and uncomfortable unless at higher 
speeds than usual on such sharp curvature. It is 
well to remember here, that within a certain limit 
the elevation does not increase in proportion to 
speed, but in proportion to square of speed; that 
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is, suppose at 40 miles per hour you need 2 inches 
elevation on a 2 deg. curve, at one-half the speed 
you would want one-quarter that elevation, or % 
inch; the square of 40 being 1600 and the square of 
20 being 400 or one-fourth. An exception to the 
rule is necessary, therefore, in very sharp curves, 
for two reasons, viz: great elevation shifts the 
load of the car too far to one side, overloading 
the springs and producing bad effects on the low 
rail; and, the general and safe practice of reduc- 
ing speed on sharp curves. 

The length also of the space between the ordi- 
nates depends upon the degree of the curve. For 
the length of straight graduation it is usually 50 
feet for each inch of elevation, and in the curved 
graduation, Fig. 18, it is, as explained in Chapter 
6, twice the length; therefore, the total length 
in feet of the graduation is equal to 100 multiplied 
by number of inches in elevation. In 1 deg. and 
2 deg. curves we make only four spaces, but on 
curves sharper than 2 deg. we make 8 spaces. The 
length of these spaces is shown at the foot of 
Table 3. 

Although it is probably best not to make these 
spaces much shorter than the table gives, we can 
in exceptional cases do so. Such exceptions might 
be on curves which reverse, or where the tangent 
between curves of opposite direction is too short 
to allow the proper proportion of the graduation 
to be made within its length. Again, it has al- 
ready been pointed out that the only place on the 
curved graduation where the rate is as great 
as the straight rate is at B. C, and even here, 
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supposing the center of a passenger car with 
truck centers 40 feet apart to be over the B.C., 
one truck center will be 20 feet on the upward 
curve and the other 20 feet on the downward curve. 
The straight rate of graduation would in 40 feet 
amount to 13-16 inch, but on the curved graduation 
it will be, for reasons above mentioned, but 11-16 
inch. True this difference does not amount to 
much, but I mention it more to point out the fact, 
so that the character of the graduation will be 
better understood. 

In determining the length of spaces between the 
ordinates, we must consider the action of car 
springs, as these are the means used for easing 
the motion of cars over irregularities of track. 
The freight car of to-day has a base from center 
to center of trucks of about 30 feet; most are 
shorter and a few are longer, but we can use this 
in our consideration. At 50 feet to the inch the 
amount of graduation between centers of trucks 
as above would be 30-50 of an inch, or about % 
inch. The usual allowable working deflection in 
freight car springs is 1 inch. This does not take 
up the entire play, but as much as it should, as 
we never want the springs to come close together, 
for then they are useless. This deflection would in 
extreme cases permit 2 inches graduation in the 
distance between truck centers, or 30 feet. But we 
propose, as a rule, to use only 3-10 that amount 
rated at 1 inch in 50 feet. For passenger cars the 
springs are more flexible even than this, so it will 
be safe to say that a passenger car will go where 
a freight car will. 
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The conclusion we should draw from this is 
not that we should make our graduations as short 
as the car springs and the distance between 
trucks seem to indicate as allowable, but that we 
should be cautious in changing a rate proven to be 
safe. We also know from experience of cases 
which do not admit of the regular rate being used, 
that a quicker rate will work all right, but inas- 
much as there is discomfort if not actual damage 
caused by cars tipping very much towards the 
low rail, there is good reason for making the 
graduation as short as practicable, and a good 
proportion of it on the curve itself. It is only 
by careful experimenting that the proper pro- 
portions are arrived at in such exceptional cases 
When these have been ascertained, adopt them 
generally in similar cases. 

By referring to Fig. 19, which shows the track 
as seen from above, you will notice that the 
positions of ordinates are marked from to 8, 
as in Fig. 18. Point 4 is at the B. C, but the center 
of gravity of the cars begins to make a curved 
path at 0, where the curved graduation begins and 
follows an easy curved line, blending naturally 
into the regular curve at 8, instead of at the B. C 
From to 4, the wheels are still on the tangent, 
but owing to the curved graduation, the motion of 
the body of the car is in a curved line, and 
the centrifugal force due to this counteracts its 
tendency to tip over towards the lower rail. From 
4, the B. C. of track, the rate of graduation dimin- 
ishes, and this results in a diminishing rate in 
curvature of the path of the center of gravity of 
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the car until it equals that of the curved track 
after the point 8 in reached, where the elevation 
is full; and from this point through the curve, the 
path of the center of gravity of the cars is par- 
allel to the center of the track. This method of 
graduation effects a transition of twice the usual 
length of the graduation. Although not lined 
in the track and not affecting the wheels, it does 
affect the loads, and that is the principal thing. 
This transition curve in center of gravity path 
starts at 0. At the B. C. the rate of curvature 
is a half that of the curve of the track, and at 
8 is equal to the same. 

As before mentioned, it is not intended to make 
this take the place of a transition curve which 
should be built into the road, but it can be made 
to answer the purpose fairly well where none 
has been provided for, and the object of this, as 
well as previous chapters, is to enable trackmen 
to help themselves when circumstances require it 



CHAPTER VIII. 

APPLICATION OF TRANSITION CURVES. 

I propose in this chapter to briefly review the 
main points of the transition curves mentioned in 
the preceding chapters, and to describe one in 
common use. 

Figure 20 shows a curve fitted with such transi- 
tions are are described in Chapter 3, and it is 
also similar to all the transition curves which are 
applied to track laid on a roadbed on which none 
was run before grading, but where the main curve 
runs from B. C. to E. C. on a true circular arc. On 
each end the transitions B. T. C. to E. T. C. are run, 
so as to begin the graduation of elevation at or near 
the B. T. C. and gradually increase it as the transi- 
tion becomes sharper until attaining full elevation 
at E. T*. C. The worst fault with this is that at the 
E. T. C. it must be a little sharper than the main 
or original curve. 

The only way to avoid this is as shown in Fig. 
21. The original curve is from B. C. to E. C, the 
outside curve. You will see that no part of this is 
used when the transitions are run in, but that 
the middle portion between B. T. C. and E. T. C. is 
a little inside and parallel with the original, and 
is therefore a trifle sharper than it, but the in- 
creased curvature is immaterial, and it has the 
advantage over Fig. 20 in the fact that there are no 
sharper places at the end of the transition than in 
the middle or main portion of the curve. 
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In the method of Chapter 7 the line followed 
by the center of gravity of the cars is similar to 
this, but that method comes far short of giving 
so good a result as this. 

This transition begins with a short arc or chord 
of 1 degree, and is followed in order by arcs of 
2 degrees, 3 degrees and so on. The arcs are of 
equal length in any one transition, but this length 
may be such as circumstances determine. Excel- 
lent results are obtained by 25 foot chords, which 
do not require a great distance or offset to separate 
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the inner curve from the original. If we are, how- 
ever, obliged to graduate the elevation 1 inch in 50 
feet and begin at the B, T. C. it would be necessary 
to mark the chords about 50 ft. long. In moderately 
sharp curves the difference in length of offset be- 
tween this chord length and 25 feet would not be 
noticeable, but in curves of 5 degrees and 6 de- 
grees it would be considerable and in some places 
the greater offset might be objectionable. There- 
fore I have adopted 25 feet as being the shortest 
length permissible and yet long enough to fairly 
accomplish the desired result. The rule for grad- 
uation with this is to have 1 inch elevation at the 
B. T. C. and to increase elevation at the rate 1 
inch to 50 feet until full allowance was attained. 
This comes usually beyond the E. T. C. In other 
words the length of the graduation is greater than 
the length of the transition, and a part of the ex- 
cess of length lies beyond each end. That is, it 
begins before the transition does, and ends after. 
The advantage of the 50 ft. chord lies in the transi- 
tion and elevation beginning and ending at the 
same points. 

The number of arcs or chords in the transition is 
one less than the number expressing the degree of 
curve. For instance, a transition of 3 chords is 
required for a 4 degree curve. The curvature thus 
progresses 1, 2, 3, 4. The first half of its length 
is on tangent and the last half on the original 
curve, thus for a 4 degree curve and transition 
chord 25 feet long, the total transition length will 
be 75 feet, and it will begin on the tangent 37% 
feet before coming to the B. C. and end on the • 
curve 37% feet beyond the B. C. See Fig. 23. 
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Figure 22 shows a 3 degree curve with transition 
applied at each end, two chords — a 1 degree and a 
2 degree. The radius of each chord is shown, 
and you will see that the center of any arc always 
lies in the radius of the preceding arc. When 
longer chords than 25 ft. are used, the ordinates 
are also longer, as follows: A chord of 35.4, ordi- 
nates twice; 43.3, three times; and 50 ft. four times 
as long as those for 25 ft. 

The dotted diagonal line marked B. C. intersects 
the horizontal lines at their middle points, and the 
dotted vertical lines from these intersections point 
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to the position of the B. C. of a curve relative to its 
transition, showing that one-half the transition is on 
the tangent to the left of the B.C., and one-half 
on the curve to the right of the B. C. Where such 
a transition has been put into the track it can be 
relined by the following: The first thing to do is to 
find the degree of the curve by stretching a cord 
61 ft. 8 inch, in length along the side of rail, so 
that middle of cord is about opposite the middle of 
the rail. This will give a better average middle or- 
dinate than if it were taken near a joint, for the 
reason that if the track is not well lined the errors 
in line are usually greatest at the joints. The 
number of inches in the length of this middle or- 
dinate is the same as the number of degrees of the 
curve. 

Second: Stretch a cord along the outside of the 
outer rail on the tangent near the B. C. so as also 
to extend along the curve two or three rail lengths, 
but in a straight line. This cord may be in line 
with the base of the rail and just above the spike 
heads. See Fig. 4. 

Third: From Fig. 23 find the ordinate or tangent 
deflection at the E. T. C. of the transition for this 
curve. 

Fourth: Find the place where the distance be- 
tween this cord and the base of the rail is equal 
to the ordinate or tangent deflection at the E. T. C. 
and stick a nail there on line with the tangent; and 
find if the other ordinates or tangent deflections 
between this and B. T. C. are of correct length, as 
shown in Fig. 23, measuring them at points 25 feet 
apart or at distances equal to the length of the 
cord used in the transition. See Fig. 24. 
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If so, the trial point taken should be adopted for 
the E. T. C. If not, this cannot yet be considered 
correct location for the transition, but rather a 
trial step in the process of finding it; so if you find 
the other tangent deflection ordinates too short for 
the rule, the trial E. T. C. must be moved further 
along on the curve, and if too long must be moved 
back towards the tangent. A few trials will de- 
cide the proper places for the transition, or at 
least the place where you can line in with the 
least disturbance of the track as you find it. This 
is the quickest way to locate the transition, as the 
E. T. C. is more easily found than the B. T. C, un- 
less the points may have been marked by stakes. 
But we are supposing a case where trackmen 
must depend on their own resources. Once the 
transition line is marked out, the rail should be 
moved to it, and elevation properly given. 



CHAPTER IX. 

HEAVING TRACK. 

The foregoing chapters have been devoted to 
the lining of curves; the elevation of the outer 
rail on curves; and the transitions at curve ends 
for the purpose of changing the motion of cars 
from tangent to curve, and curve to tangent easily 
and naturally, so as to avoid disagreeable and in- 
jurious shocks to cars and their contents. The 
speed at which it is desirable to run trains makes 
it a necessity that everything possible should be 
done to contribute to ease of motion. 

While it is possible to put the track into just 
as good condition as any rule calls for, it is only 
by constant work and repairs that it can be main- 
tained in good condition. In this and in other 
chapters to follow we will consider some of the 
things which counteract the trackmen's efforts to 
maintain perfect line and surface, and point out 
remedies which may be applied. 

In summer, when the roadbed is dry, the track 
may be in the very best condition and yet the 
same track in winter may become dangerously 
rough. The reason for this is that any soil which 
contains moisture expands or swells in freezing. 
That which contains least moisture expands least, 
and that which contains most expands most. While 
it is absolutely dry no expansion takes place, no 
matter how cold the weather may be, but ab- 
solutely dry soil is almost never found. Frequent- 
ly soils of different capacities for holding mois- 

53 



54 LINE AND SURFACE. 

ture are fountf close beside each other. Here 
there will be different rates of expansion every few 
feet, and as usually the only direction possible for 
expansion to occur is upward, we find what we call 
"heaving by frost" taking place and throwing 
the rails very much out of surface, but sometimes 
also out of line. 

Should the soil be of uniform nature as to its 
capacity to hold moisture the heaving actually 
done would not be noticeable, because all had ex- 
panded uniformly. The need of shimming there- 
fore is almost or entirely due to the variable na- 
ture of the materials in the roadbed under the bal- 
last. 

In grading the roadbed, owing to the uneven or 
wavy natural surface of the ground, the grade must 
frequently intersect this surface, sometimes being 
below it, as in cuttings, and sometimes above, as 
in embankments. Usually the earth or other ma- 
terial excavated in cuttings, where surface is above 
grade, is used in building the embankments on 
those portions of the ground surface which are 
lower than grade. The foot or two of surface is 
usually loam, while underneath the loam there is 
a bed of subsoil or hard pan. The surface loam is 
more spongy and will hold much more water than 
the subsoil, and consequently will, when frozen, 
be expanded more than the subsoil. Where a cut 
is more than 1 or 2 feet deep the grade usually 
passes into the subsoil; but where it enters and 
leaves the cut and also on the adjoining portion 
of the embankment which was made of loam from 
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the nearest part of the cut, it will be found in al- 
most all cases that the frost will heave the track 
badly. This is what really happens at each end of 
the cut and where the embankments are shallow. 
It is due to the larger proportion of frozon moisture 
in the soil at these parts of the road. At the same 
time it is noticeable that the part of the cut 
where the subsoil has been penetrated will usually 
have been heaved a very little or that the heav- 
ing is so uniform as to be not noticeable. The 
same is true of the adjoining embankment where 
its depth is sufficient to permit drainage, and 
is due to the very small amount of moisture con- 
tained in it. 

It will be noticed in cuttings where there are ?«»-* 
shallow places and where loam has been left in 
the roadbed that here heaving will take place to 
a greater degree than in deeper parts of the cut- 
ting. Also, in the shallow embankments of vary- 
ing depths, that considerable heaving will occur 
where it is very shallow; that is, so shallow that 
the frost will penetrate to the loam under the 
embankment. Two things must combine to pro- 
duce heaving, namely, moisture and freezing. 

There are occasionally cuttings in which, even 
where quite deep, the track will heave badly. A 
large boulder, if the frost gets under it, will 
sometimes be forced up. Sometimes a solid ledge 
preventing drainage will cause it, though a seamy 
ledge with vertical strata seems to afford fair 
drainage which obviates it. Frequently, too, heav- 
ing is due to clay streaks in sand or gravel cuts. 

The remedy possible to section men is, of course, 
to drain the road as well as possible. It is likely 
that a ditch 2^ ft. below the base of rail would 
almost entirely cure the trouble. But it is possible 
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that even after this some places may have to be 
"dug out"; that is, the light porous soil, clay or 
boulders must be removed from under the track 
and replaced with gravel. 

Plenty of ballast, of course, will do more than 
any other one thing except ditching. But ditching 
and digging out should precede ballasting in order 
to secure the best results. 



CHAPTER X. 

PROPERTIES OF BALLAST MATERIAL. 

In the last chapter we considered the bad effect 
on line and surface from the heaving of frost of 
the roadbed containing moisture in varying quan- 
tities within short spaces. In this we shall see 
how moisture also affects roadbed injuriously in 
summer; but that instead of heaving above grade, 
as in winter, it allows it to settle below grade. 

It is a well-known fact that clean, sharp sand or 
gravel makes a good, unyielding foundation for 
track, and that a small amount of moisture has 
very little injurious effect on it. It is not so, how- 
ever, with clay or loam or with gravel containing 
a mixture of these, even when dry and much less 
so when wet. 

Water drains very quickly through and from 
clean gravel or coarse sand, less quickly through 
fine sand, very slowly through the finest; while clay, 
which is composed of the same material as sand 
only ground to an extreme fineness, nearly always 
contains a small amount of moisture. But while 
it parts with its moisture very slowly it also ab- 
sorbs it very slowly. Loam absorbs it quickly, 
but retains it a considerable time. The retention 
of moisture in soils is due to capillary attraction, 
so-called, a property by which liquids rise to and 
remain above their natural level into very small 
spaces, such as the pores of a sponge or the in- 
terstices between the fine grains of loam, clay or 
very fine sand. This characteristic is probably 
responsible for the muddiness of earthy mixtures 
in ballast and in roadbed which holds very small 
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quantities of water in the minute spaces among 
the grains which compose the loam or clay. 

When gravel is entirely free from any mixture 
of these earthy materials it will, as above men- 
tioned, make a good foundation for track; but 



Clean gravel \ showing 
water /eye/. 



Clean grave/ and sand 
mixed, showing effect 
of ' capillar u attraction. 



Clean, very fine sand 
showing effect of 
capillary attraction. 





Gravel and c/ag or /oam mixed showing 
condition vrhen dry and wifhout ang weight 
or pressure. 

Gravel and cloy mixed and under pressure 
showing compressed condition of gravel under 
fie. caused by soueezing the clay out of the 
mixture by the weight on the tie. 
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when the spaces between solid grains are filled 
with earth material and the fine spaces in this 
again filled with water, so that it resembles mud, 
this earthy mixture becomes a lubricant to re- 
duce the friction between grains of gravel, and 
the whole mass is then shifty and unreliable and 
will not hold up a heavy weight, but will flow 
from under it and allow it to settle. For this rea- 
son track laid on dirty ballast or badly drained 
roadbed settles quickly and is difficult to keep to 
surface, especially when wet. 

Figure 25 is intended to illustrate the action of 
moisture in different kinds of ballast. Sketch "A' 1 
shows the best of gravel ballast without any mix- 
ture of sand or earth and in which the spaces or 
interstices are therefore as large as it is possible 
for them to be. This fact is favorable to the most 
rapid and complete drainage. If the grain Is uni- 
form or nearly so and nearly round, the percent- 
age of space is at a maximum, and if the size of 
grain Is such as to be readily tamped by a spade, 
It is probably as good ballast as can be. In "A" 
you will see that the water level is the same 
in the ballast as in the ditch, indicating perfect 
drainage. 

In "B" the spaces between gravel grains is 
filled with sand. This is second in quality to "A," 
and the moisture line in ballast rises above that in 
the ditch. 

"C" shows sand ballast, which is very common, 
and while it may answer the purpose fairly, it does 
not permit good drainage; and the moisture line 
is materially higher than in the ditch. 

"D" shows a very inferior ballast, as the clayey 
portion between grains of gravel does not quickly 
dry out, and while moist it very quickly settles out 
of surface, as is illustrated in "E"; the reason for 



60 LINE AND SURFACE. 

this being that the greasy or muddy clay is forced 
out from the gravel under the tie, as water is 
squeezed out of a sponge, the tie only coming to 
rest when the particles of gravel have come to- 
gether by squeezing out all the intervening clay. 

Even this material, however, it is sometimes 
necessary to use for want of better, but the only 
way to make it possible to maintain good surface 
is to provide the quickest possible drainage and 
to make the ditch low enough to thoroughly drain 
the road. It is not sufficient to ditch simply to 
the bottom of the ballast, or to sub-grade, but the 
bottom of ditch ought to be at least a foot below 
the latter, so as to drain it also. 

Good drainage, moreover, by resulting in a dry 
and firm roadbed, makes a condition in which any 
repairs made are more lasting. Its effects are 
apparent In line and surface, but are also felt, If 
not seen, in a longer life for ties and rails, and 
we also may say for cars and engines; and who 
shall say not for the people who ride on them? 



CHAPTER XI. 

HOW TO MAINTAIN LINE AND SURFACE. 

We now turn our attention to the care of track 
itself and consideration of the effects, on it due to 
moving loads of engines and cars. 

No matter how good track may be at first, it 
will wear out, and the joint being the weakest 
place, it will be the first to show wear. There is a 
liability for the joints to settle, and the rail ends 
to be depressed and surface kinked, as well as 
pounded down by the constant hammering of en- 
gine and car wheels. This is due primarily to 
the fact that the joint is the weakest place in the 
track, and, secondly, because, being the weakest 
place, it is depressed more under each wheel in 
passing than any other part of the rail. This 
drives down the ballast under the joint tie, but 
when the wheel has passed away from the joint 
it will spring up again. 

This constant up and down movement of the 
joint tie produces the action very aptly named by 
trackmen "pumping," which, in fine or sandy bal- 
last, not only settles it, but blows a portion of it 
out at the passing of each wheel, and allows still 
greater depression of joint. Related to this pump- 
ing and largely on account of it, there is a ten- 
dency for the third or fourth tie away from the 
joint either side to be slightly lifted by the lever- 
age of the rail. As the joint goes down the rail 
becomes a lever and the tendency is to raise the 
third tie from the joint; but the rail's, length and 
elasticity, as well as the weight of other wheels 
which may be on it, confine the lever action to 
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within a short distance, so it is probable that only 
the third and fourth ties shall be lifted from their 
beds. This disturbs slightly the ballast along the 
sides of the ties, which, as they descend, is likely 
to be crowded under them, thus in time raising 
the tie slightly above grade and increasing mate- 
rially the effect of the low joint. 

The means which should be taken to prevent 
this is careful and solid tamping of joint ties. 
Doubtless the best means is to, first of all, tamp 
these ties the same degree of hardness as the 
others are to be tamped, but about a quarter of an 
inch above grade, then beat them down with a 
large wooden maul, after which the intermediate 
ties may be tamped at grade. The keeping of 
joints up to grade is of the greatest importance, 
not only for the riding quality of the track, but 
for the lasting quality of the rails. 

Sometimes old and badly worn ties are respon- 
sible for defective line and surface, and while the 
rail appears to be both in good line and surface 
it may be temporarily forced out or down owing 
to insufficient support in the ties, and yet return 
to line and surface after the disturbing force has 
been removed. If this be the case, the track will 
ride badly, no matter how it looks. You are doubt- 
less familiar with the fact that soft wood ties, and, 
particularly, cedar ties, become cut under the 
edges of the rail flanges, and the wood under the 
rail becomes pulpy, so that the tie will support the 
rail without any load, but will suffer a depression 
of one-fourth to one-half inch under load. In sur- 
facing track it is necessary, in order to make it 
ride well, to adze out the softened wood, so as 
to bring a firm support close to the rail flange. 
In a similar way it is necessary, in order to have 
good line under a passing train, that the spikes 
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should be kept tight against the rail flange. Good 
track not only looks well when not loaded, but 
keeps line and surface under working conditions. 

In speaking of joints, it should not be forgotten 
that some of the new styles claim to be as stiff 
as the solid rail, and, therefore, .if so, the ties 
under them should not be tamped harder than the 
others. It is necessary, however, with these to 
observe carefully their behavior and work accord- 
ingly. 

Tie plates aid very much by preventing track 
from spreading and by saving ties from wear, and 
therefore are a great benefit to both line and sur- 
face. 

No kind or number of appliances, however, can 
be made of full benefit without intelligent and 
careful use, nor can good track be maintained 
without the "eternal vigilance" which is the price 
of safety. 



